The low-density lipoprotein receptor-related protein 5 gene (LRP5) was identified to be linked to the variation in bone mineral density and types of bone diseases. The present study was aimed at examining the association of LRP5 rs3736228 C>T gene with bone fracture and osteoporosis by meta-analysis. A systematic electronic search of literature was conducted to identify all published studies in English or Chinese on the association of the LRP5 gene with bone fracture and osteoporosis risks. All analyses were calculated using the Version 12.0 STATA software. Odds ratios (ORs) and their corresponding 95% confidence interval (95% CI) were calculated. An updated meta-analysis was currently performed, including seven independent case-control studies. Results identified that carriers of rs3736228 C>T variant in the LRP5 gene were associated with an increased risk of developing osteoporosis and fractures under 4 genetic models but not under the dominant model (OR = 1.19, 95% CI = 0.97∼1.46, and = 0.103). Ethnicitysubgroup analysis implied that LRP5 rs3736228 C>T mutation was more likely to develop osteoporosis and fractures among Asians and Caucasians in majority of subgroups. These results suggest that there is a modest effect of the LRP5 rs3736228 C>T on the increased susceptibility of bone fracture and osteoporosis.
Introduction
Bone fracture, mainly caused by decrease in bone strength associated with bone loss, has contributed to an increase in disability, morbidity, death, and health expenses [1, 2] . According to a recent estimation, 200 in every 1000 people would suffer a bone fracture during their whole lifetime, which imposes huge burden on public health services worldwide [1, 3] . It has been reported that a wide range of risk factors, such as HIV infection, obesity, fibrous dysplasia of bone, age, and gender, together with genetic factors, have played pivotal roles in the pathogenesis of bone fractures [2, 4, 5] . In general, osteoporosis, characterized by a progressive degeneration of bone tissues and a low bone mineral density, is widely accepted as a secret as well as systemic skeletal disease, without being detected by a majority of its infected persons [6] . Previous researches have showed that osteoporosis would increase bone fragility subsequently and is susceptible to fracture; meanwhile, it has been demonstrated to affect over 75 million people all over the world [6, 7] . As a multifactorial disease, the etiology of osteoporosis is complicated, mainly attributed to interactions between family genetic history and environmental risk factors [8] . Multiple environmental factors, including physical activity, dietary, age, cigarette smoking, malabsorption, and nutritional status have had huge effects on the development of osteoporosis [9, 10] . Recently, many studies have emphasized exploring the relationships of clinical biomarkers with bone fracture and osteoporosis, and lipoprotein receptor-related protein 5 (LRP5), whose mutations would reduce bone mineral density, is thought to be corrected with the susceptibility to osteoporosis [11, 12] .
Lipoprotein receptor-related protein 5 (LRP5), as a member of the low-density lipoprotein receptor family, is a singlepass plasma membrane protein secreted in many tissues and cells, such as breast tissues, bone tissues, endothelial cells, and stem cells [13, 14] . Human LRP5 gene is located on chromosome 11q13.4 and consists of 22 introns and 23 exons, spanning approximately 160 kb [15] . It has been revealed that LRP5 has a huge effect on Wnt signaling pathway, which is closely related to the regulation of osteoblasts growth and differentiation by controlling bone density as well as bone metabolism [16] . In addition, LRP5 also plays a pivotal role in blood lipid metabolism and blood glucose, resulting in prevention of decreased bone formation; thus LRP5 is essential for bone development and health [17, 18] . However, recent researches have showed that loss-of-function mutations of the LRP5 gene contribute to subsequent reduction of bone mineral density (BMD), indicating a dominant negative effect on bone mass, which would lead to various bone diseases [17, 19] . A few common polymorphisms of the LRP5 gene have been detected in correlation with bone phenotypes, including fracture risk and BMD, among which a coding single nucleotide polymorphism (SNP) of the LRP5 gene, rs3736228 (A1330V), is thought to have a particular susceptibility to osteoporosis [11] . The polymorphism rs3736228, located in exon 18, would restrict the expression of Tph1 in the duodenum enterochromaffin cells, which adjusts bone formation, as well as BMD, and finally lead to osteoporosis or even bone fracture [20, 21] . Therefore, it can be speculated that SNP rs3736228 C>T of the LRP5 gene could be regarded as a useful genetic biomarker for the prediction of osteoporosis and bone fracture [22] . Nowadays, there was no metaanalysis focused on the relationships between polymorphism rs3736228 C>T in the LRP5 gene and the risk of bone fracture, as well as osteoporosis. This study aimed to give an overall view of this subject and further evaluate its role as a biomarker in predicting the pathogenesis of osteoporosis. (1989∼ 2014) were also used to identify Chinese articles. We used medical subject headings and free language terms with a highly sensitive search strategy, the search terms were as follows: "Fractures, Bone" or "Broken Bones" or "Fractures" or "Fracture" or "Broken Bone" or "Bone Fractures" or "Bone Fracture" and "OP, Postmenopausal" or "OP" or "Juvenile OP" or "OP" or "Osteoporoses" or "Age-Related Bone Loss" or "Age-Related OP" or "Age-Related OP" and "LRP5 protein, human" or "LRP5" or "low density lipoprotein receptorrelated protein 5" or "LDL receptor-related protein 5. " No restrictions were made with respect to language, country, or data collection. Manual searches were also used to identify other potential articles. Further trials were sought from reference lists in the relevant papers to find additional works which failed to be captured by electronic or manual searches.
Materials and Methods

Literature Search and Data
Inclusion and Exclusion Criteria.
To be included in the systematic review, retrieved studies had to be assessed with two observers (Jia-Li Liu and Yong-Bing Xiang) for their suitability for meeting the following criteria: (1) case-control studies published on peer-reviewed journals; (2) only those studies examining the associations between SNPs in LRP5 (rs3736228) polymorphism and susceptibility to osteoporosis and fracture were incorporated into the meta-analysis; (3) all subjects underwent diagnostic evaluations and satisfied the clinical diagnosis of osteoporosis or fracture confirmed by the report of the World Health Organization Task-Force for Osteoporosis [23, 24] ; (4) the article must provide original data and contain sufficient information on the genotype frequencies of the rs3736228 C>T polymorphism within the LRP5 gene; (5) distributions of genotype frequencies in LRP5 (rs3736228 C>T) were within the range of Hardy-Weinberg equilibrium (HWE) in the controls; (6) once studies provided overlapping data, we would choose the study that had the largest sample size. The major exclusion criteria in this metaanalysis were as follows: (1) some publication types presenting nonoriginal data, such as letters, editorials, abstracts, reviews, meta-analysis opinion papers or proceedings; (2) unpublished sources of data; (3) duplicated publications or studies without extractable, numerical data; (4) subgroup analysis of the included trials. Based on these inclusion/exclusion criteria, the title and abstract of all the retrieved articles were evaluated for relevance, and then the full texts of the selected articles were reviewed, followed by a decision on their eligibility for inclusion in this systematic review.
Study Quality and Data Extraction.
In order to ensure consistency in reviewing and reporting results, two reviewers independently assessed the methodological quality of the included trials using the Newcastle-Ottawa Scale (NOS) criteria with study design, content, and ease-of-use in the explanation of results or the meta-analysis for assessing the quality [25] . The three broad perspectives were judged: (1) subject selection: 0∼4; (2) subject comparability: 0∼2; (3) clinical outcome: 0∼3. The NOS scores ranged from 0 to 9; a study was in a good quality for the evidence of a score ≥7.
Each of the two reviewers assessed the studies independently based on the inclusion/exclusion criteria mentioned before to the methods section. We used a standardized data form in duplicate to collect the following descriptive information: surname and initials of the first author, the year of publication or submission, journal, source country, racial descent of study population, language of publication, study design, number of cases and controls, source of controls, demographic variables of the subjects, SNP information, detection method of genotypes, genotype frequencies, allele frequencies, HWE test and confirmation of diagnosis, and so forth. Disagreement on the inclusion of a single study was settled by discussion, or a third investigator was consulted. than threshold effect, a test for heterogeneity between trials included for each comparison was performed by the use of the Cochran's -statistic and 2 tests [26] . If the -test showed evidence of a < 0.05 or 2 test exhibited > 50%, indicating maximal heterogeneity among the included studies, we did metaregression analysis to explore sources of heterogeneity with a random-effects model by relating study level covariates to diagnostic OR, and otherwise ORs were pooled according to the fixed-effects model [27, 28] . When a substantial heterogeneity was found, the differences in genotype/allele frequencies in LRP5 (rs3736228 C>T) (and 95% CI) were evaluated for subgroups of different explanatory variables. Additionally, in order to evaluate the impact of single studies on the overall estimate, a one-way sensitivity analysis was employed to ensure that no single study was completely responsible for the overall results. Further, Egger's linear regression test with visual inspection of the funnel plot was applied to detect the potential publication bias [29, 30] . Statistical analyses were conducted with the STATA statistical software (Version 12.0, Stata Corporation, College Station, TX, USA).
Statistical
Results
Description of Included Studies.
The combined electronic and manual search initially resulted in 278 potentially eligible articles. After the exception of 2 duplicated studies, 276 retrieved studies were screened by title and abstract for relevance; subsequently, 161 irrelevant articles were excluded. Then, we systematically reviewed the remaining 115 articles qualified for full-text reading, and 106 articles were deemed unsuitable and were therefore excluded. Thus, 9 articles were identified to be included in quantitative analysis. In addition, another 2 studies were excluded due to lack of data integrity after a more careful assessment of the remaining articles. Finally, 7 studies composed of 2,772 subjects including 907 patients and 1,865 control subjects were incorporated into this meta-analysis [16, 22, [31] [32] [33] [34] [35] . Figure 1 presented the progress of study selection and the main reason for exclusion. All the enrolled papers showed moderate-high quality.
From the 7 included studies, 2 studies focused on the genotype/allele frequencies of LRP5 (rs3736228 C>T) in fracture patients and the controls; the other 5 studies were concerned about the genotype/allele frequencies of LRP5 (rs3736228 C>T) in osteoporosis patients and the controls. Additionally, of the 7 studies included in the analysis, 3 were performed in Caucasians and the other 4 were in Asians. The controls were drawn from population-based sources and hospital-based sources. With respect to the genotyping methods, two studies were performed with non-TaqMan assay (direct sequencing and pyrosequencing), and the other five studies were conducted with TaqMan assay. The information of the SNPs (rs3736228 C>T) in the LRP5 gene was included to evaluate the association between polymorphic variants of the LRP5 gene and the risk of osteoporosis and fractures. Table 1 showed the baseline characteristics and the genotype/frequencies of rs3736228 C>T SNP in the individual studies.
Quantitative Data Synthesis.
In this meta-analysis, one SNP within the LRP5 gene was identified, and the association between the allelic and genotypic frequencies of LRP5 rs3736228 C>T and the risk of osteoporosis and fractures were investigated. Results in this meta-analysis demonstrated that the carriers of the rs3736228 C>T polymorphism in the LRP5 gene were associated with an increased risk of developing osteoporosis and fractures in the allele model, whereas the dominant model of LRP5 rs3736228 C>T showed no statistically significant differences between the cases and controls derived from the 7 included studies (OR = 1.19, 95% CI = 0.97∼1.46, and = 0.103) (Figure 2 ). In the ethnicity-stratified subgroups, we found that the LRP5 rs3736228 C>T polymorphism-containing populations were more likely to develop osteoporosis and fractures in the Caucasians under both the allele and dominant models (T allele versus C: OR = 1.42, 95% CI = 1.04∼1.95, and = 0.027; CT + TT versus CC: OR = 1.56, 95% CI = 1.08∼2.25, and = 0.018), yet similar results were not observed among Asians ( > 0.05) (as shown in Figure 3) . When stratified by the source of controls, the results yielded increased risk of osteoporosis and fractures in rs3736228 carriers in the allele, dominant, and homozygous models in the population-based subgroup (T allele versus C: OR = 1.26, 95% CI = 1.07∼1.48, and = 0.006; CT + TT versus CC: OR = 1.29, 95% CI = 1.06∼1.57, and = 0.010; TT versus CC: OR = 1.64, 95% CI = 1.02∼2.65, and = 0.042, resp.) and in recessive model, homozygous model, and heterozygous model in the hospitalbased subgroups (TT versus CC + CT: OR = 2.24, 95% CI = 1.12∼4.46, and = 0.022; TT versus CC: OR = 2.06, 95% CI = 1.02∼4.17, and = 0.045; TT versus CT: OR = 2.56, 95% CI = 1.23∼5.31, and = 0.012, resp.) ( Table 2 ). For the disease based-subgroups, subjects with rs3736228 polymorphism were more likely to develop osteoporosis in the allele model (OR = 1.26, 95% CI = 1.01∼1.57, and = 0.037) and fractures in the in recessive, homozygous, and heterozygous models (all < 0.05). When concerned about the genotype method-stratified subgroups, it has been revealed that the rs3736228 C>T polymorphism carriers in the allele, recessive, homozygous, and heterozygous models were related to significantly higher osteoporosis and fractures susceptibility in the TaqMan assay subgroup (all < 0.05), yet it showed none significant association regarding the rs3736228 C>T polymorphism and higher risks of osteoporosis and fractures in the non-TaqMan assay subgroup under 5 genetic models (all > 0.05) (Table 2, Figure 3 ). However, neither univariate nor multivariate metaregression analyses showed any evidence of the potential source of heterogeneity in ethnicity, source of controls, and disease or genotyping method (all > 0.05) ( Table 3) .
We further conducted sensitivity analyses to determine whether review conclusions were affected by the choice of single study; the finding suggested that no single study had the effect on the pooled ORs in the current meta-analysis ( Figure 4) . Finally, the Egger's test applied to the detection of publication bias presented no evidence of asymmetrical distribution in the funnel plot, suggesting that publication bias was not detected in the rs3736228 C>T allele model ( = −0.12, = 0.908) and rs3736228 C>T dominant model ( = 0.21, = 0.847) in systematic reviews ( Figure 5 ).
Discussion
The present meta-analysis aggregated large-scale evidence from relevant studies in an attempt to determine whether rs3736228 C>T polymorphism in the LRP5 gene was related with susceptibility to bone fracture and osteoporosis. The main findings of our statistical analysis indicated that LRP5 rs3736228 C>T polymorphism might be connected with the pathogenesis of bone fracture and osteoporosis, demonstrating that this polymorphism may be implicated in the development of bone fracture and osteoporosis, which is manifested by reduced bone strength and increased susceptibility to fracture. However, the mechanism underlying the pathogenesis of bone fracture and osteoporosis has remained poorly understood. As a critical member of the low-density lipoprotein (LDL) receptor family, LRP5 may bind and internalize ligands in the process of receptor-mediated endocytosis and also play a crucial role in skeletal homeostasis [32, 36] . In general, LRP5 acts as a wingless (Wnt) coreceptor for Frizzled (Fz) receptors family that is responsible for the activation of the Wnt/ -catenin canonical pathway [13] . It has been demonstrated that the Wnt signaling pathway has an important role in the formation of bone and the pathogenesis of osteoporosis, and that LRP5 signaling is necessary for normal morphology, developmental processes, and bone health [37] . Furthermore, LRP5 is capable of regulating the growth and differentiation of osteoblasts [38] . Recently, genetic variants in the LRP5 gene have been reported to be associated with the risk of bone fracture and osteoporosis [31, 39] . Actually, LRP5 genetic polymorphisms might cause loss of function of LRP5, decrease the signaling activity of the canonical Wnt signaling pathway, and lead to reduced bone formation, thereby conducing to the development of bone fracture and osteoporosis [39, 40] . Consistent with our findings, van Meurs et al. have suggested in their study that common genetic variants in the LRP5 gene might be consistently linked to bone mineral density and the risk of bone fracture across different white populations [14] . Ferrari et al. also found that LRP5 genetic polymorphisms seem to be possible genetic determinants for susceptibility to idiopathic osteoporosis in males [31] .
Results of ethnicity-stratified analysis revealed that rs3736228 C>T variant might be connected with bone fracture and osteoporosis risks among Caucasians but not among Asians. Type of disease-stratified analysis indicated that rs3736228 C>T mutation might be related to the development of osteoporosis, but this polymorphism may not be a predictive factor for the etiology of bone fracture. In summary, the discovery of the represented meta-analysis was in conformity with previous studies that LRP5 rs3736228 C>T polymorphism might be closely implicated in the pathogenesis of bone fracture and osteoporosis, implying that this polymorphism may be a helpful biomarker in predicting the occurrence of bone fracture and osteoporosis.
Indeed, some advantages could be highlighted in this meta-analysis. One of the major superiorities may be that the present research shed lights on the relation of genetic polymorphisms in LRP5, especially the rs3736228 C>T variant, and the increased susceptibility to bone fracture and osteoporosis, comprehensively and systematically. Additionally, all included literatures had acceptable quality scores (quality scores were higher than seven). However, some limitations of this meta-analysis should also be acknowledged when interpreting the results. Firstly, the current analysis was only limited to one single SNP (rs3736228 C>T) that is being widely discussed in various researches, while other SNPs have also been researched to be related to bone fracture and osteoporosis risk. One of the major concerns may be the bias due to selective publication and language bias derived from the fact that the screened references of papers published in languages other than English and Chinese were not included. Secondly, the crude division criteria of ethnic groups into "Caucasians, " and "Asians" promoting the study are prone to bias. All studies were performed in Asians and Caucasians; to capture the full range of possible ethnic differences in LRP5 rs3736228 C>T polymorphisms, further studies are needed in other ethnic groups, such as among Africans. Thus, deeper investigation from different populations is warranted to clarify the present results. Another important concern should take into consideration that different diseases have different risk factors and diverse sensitivities to them. In particular, we did not evaluate family history and clinical implication of bone fracture or osteoporosis in our study since we did not collected those information at baseline. Finally, the present sample size did limit the power to identify LRP5 rs3736228 polymorphism with a small influence on bone fracture and osteoporosis.
In summary, this meta-analysis suggests that rs3736228 C>T variant in the LRP5 gene may increase the risk of bone fracture and osteoporosis. SNP in the LRP5 gene may considerably act as a potential candidate of biomarker for bone fracture and osteoporosis screening, diagnosis, and future treatment. To certain the current results, updated welldesigned researches with larger sample size, in diverse ethnic populations particularly, are required in the future.
